Nonlinear vibrations of composite plates on an elastic foundation in thermal environments are presented in this study. Graphite/epoxy is selected as the plate material. The properties of composite material are assumed to be temperature-dependent. Nonlinear free vibrations of laminated composite plates are investigated in the fully clamped boundary conditions. The classical finite element method is used and a specially prepared computer code is written in the Matlab software. Vibrations of the spring supported laminated composite plate are directly influenced by the boundary conditions and dimensions of plate.In this study, generated graphical values reveal that foundation stiffness and temperature have significant effects on the linear and nonlinear frequencies of composite plates.
Introduction
Due to their outstanding properties, sandwich-type constructions are great role in the construction of space vehicles and transportation systems (Wang and Shen 2011) . With the development of technology, it is possible to apply composite plates in high-temperatures. Predicting of the thermoelastic response of composite plates is necessary for the development of efficient models (Zhenet al. 2010 ).
Many studies have been presented on the linear and nonlinear free vibration analyzes of composite plates. Thermal affects and elastic foundations are less in these studies. Among those; Wanga and Shen (2013) investigated nonlinear dynamic response of sandwich plates with FGM face sheets resting on elastic foundations in thermal environments. Zenkour and Sobhy (2010) studied thermal buckling of various types of sandwich plates. Shen and Zhu (2012) investigated postbuckling of sandwich plates with nanotubereinforced composite face sheets resting on elastic
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foundations. Sofiyev and Kuruoglu(2013) studied the non-linear buckling of the truncated conical shell made of functionally graded materials (FGMs) surrounded by an elastic medium. Li and Lin (2012) presented thermal postbuckling analysis for sheardeformable anisotropic laminated cylindrical shell of finite length. Xu et al.(2013) investigated the nonlinear bending behavior of a bilayer rectangular graphene sheet subjected to a transverse uniform load in thermal environments. Shen (2011) analyzed postbuckling, nonlinear bending and nonlinear vibration analysis of thin film resting on elastic foundation in thermal environments. Zenkour et al.(2013) investigated the bending response of an orthotropic rectangular plate resting on two-parameter elastic foundations under thermomechanical loadings. proposed a new efficient global-local higher-order model for the thermoelastic analysis of laminated composite and sandwich plates. Moore et al.(2013) studied thermal response and stability characteristics of bistable composite laminates by considering temperature dependent material properties and resin layers.
In this study, nonlinear vibration analysis of composite plates on elastic foundations in thermal environments is studied.
Graphite/epoxy is selected as a plate material. The properties of composite material are assumed to be temperature-dependent. The numerical results showed that the linear and nonlinear vibration characteristics of composite plates on elastic foundations have varied depending on conditions of thermal environment. The classical finite element method is used in the analysis. Also, plate dimensions and boundary conditions have affects on the vibrations of composite plates.
Finite Element Method
A rectangular element, which is under the effect of bending vibrations, is shown at Fig. 1 .The element mass matrix written according to Fig. 1 is shown in Equation 1. Further detail information has been presented by (Petyt 1990 ). 
The geometrical nonlinear strain energy for the highly displaced systems can be given as 
Equation (5) can be re-defined using the thickness of the plate element.
Substituting Eq. (1) in Eq. (7) gives
Where { * w } is the nonlinear displacement vector.
is nonlinear stiffness matrix of the element.
The nonlinear stiffness matrix of the element obtained using Eq. (8). This matrix is in the form of 3x3 square sub-matrix and shown in Eq. (9) 
Nonlinear Vibration Analysis
Eq. (10) is used for free vibration analysis of the laminated composite plates.
In Eq. (10), [M] and [K] are system mass matrix and system stiffness matrix. System matrix is obtained by combining of elementary matrices.
Natural frequencies "" and modes of vibration is determined in linear free vibration analysis by solving the eigenvector of structure.
where {} is eigenvector.
[K S ] is spring matrix. [K S ] matrix is added to the [K] matrix and the Eq. (12) is obtained.
Eq. (14) is used for the analysis of linear free vibrations.
The nonlinear free vibration analysis is carried by solving equations of geometrical nonlinearity system. An iteration steps are used for each deformation stage in the solution. Nonlinear free vibration analysis requires a series of operations (Karadağ and Morgül 1992 
Physical Properties of Composite Plates
In this study, flat composite laminated plates are used. The plate models are in the form of rectangular. 
Numerical Analysis
In Morgüland Küçükrendeci (2008), the boundary conditions of composite plates were also selected as fully clamped. The parameters of natural frequency of the undamped free vibration were calculated according to the Eq. (16). In Hanand Petyt (1996) Fig.  3-10 .In analyzes the geometrical nonlinearity is used. In calculations is used a specially prepared computer codes in the Matlab software. In Fig. 3 
Conclusions
Nonlinear vibrations analyzes of composite plates on elastic foundations in thermal environments have been presented using classical finite element method. Numerical calculations have been made for symmetric composite plates exposed to high temperatures. The numerical results reveal that foundation stiffness, orientation angle of laminates and temperature rise have significant effects on the natural frequencies of composite plates. Also, dimensions of composite plates have a significant effect on the natural frequencies. Linear and nonlinear vibration analyzes are very important in applications of composite plates. Nonlinear analyzes may help to prevent some negatives situations in the applications of composite plates.
